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SUMMARY 


Time -his toi*y data obtained hy the NACA VCT recorder from one model 
of a four-engine civil transport airplane during operations on three 
routes are analyzed to determine the magnitude and frequency of occurrence 
of gust velocities, gust and maneuver accelerations, and the associated 
airspeeds. Variations of the gusts and gust accelerations with route 
and fli gh t condition are indicated. Estinates of the overall gust 
gust- load histories for extended operations on one route are obtained 
by siq)plementing the data from the NACA VGH recorder with available data 
from the NACA V-G recorder. 


INTRODUCTION 


Past analyses of data from the NACA V-G and the NACA VGH recorders 
(see, for exanqile, refs. 1 and 2) have yielded information on the magni- 
tude and frequency of occurrence of gust velocities, gust and maneuver 
accelerations, and the associated airspeeds and altitudes for several 
types of airplanes flown by different operators on various routes. This 
information in the past has proved useful in the formulation of design 
requirements, in studies of fatigue problems, and in the prediction of 
gust and load histories for new lypes of operations. 

As a continuation of the study of the gust and load histories for 
transport airplanes, three san^ples of VGH records have been obtained from 
four-engine commercial transport airplanes. These samples represent 1,012, 
1,958^ aJ3d 1,080 flight ho\irs of operation on a transcontinental, trans- 
pacific, and transatlantic route, respectively, and cover operations up 
to an altitude of approximately 25,000 feet. A sanqple of V-G data 
covering about 15,000 hours also has been obtained from the transconti- 
nental operations. 
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The VGH data have heen analyzed to determine the magnitude and 
frequency of occvirrence of gust velocities, gust and maneuver accelera- 
tions, and the associated airspeeds for each of the three operations. 
The V-G data are used to stqpplement the VGH data from the transconti- 
nental operation in order to derive estimates of the overall gust and 
gust acceleration histories for this operation. In addition, the 
V-G data have heen used to indicate the frequency of attaining hi^ 
values of indicated airspeed. 


DJSTRUMEaiiiTATIQN AMD AIRPIAME 


The data were collected with MCA VGH and V-G recorders which are 
described in detail in references 3 an^. k, respectively. Thf» MCA 
VGH recorder yields a time-history i^e of record of indicated airspeed, 
altitude, and nozmial acceleration from which the detailed load and gust 
history of the airplane, together with pertinent operating conditions 
such as airspeeds and altitudes, can he obtained. The record from the 
MCA V-G recorder represents the maximum accelerations which occ\n: 
throu^out the airspeed range for the period covered by the record, 
usually 100 to 25 O fli^t hours. The V-G data are used, therefore, 
primarily to obtain estimates of the maximum and relatively infrequent 
gust velocities, accelerations, and airspeeds, whereas the VGH data are 
vised for detailed studies of gust and load histories. A more complete 
discussion of the nature and uses of the data from the two recorders is 
given in reference 2. 

Characteristics of the airplane which are pertinent to the evalua- 
tion of the data are described in the following table: 


Design gross wei^t, M, lb 147,000 

Wing 6irea, S, sq ft ' 1^720 

Aspect ratio, A 11. 70 

Mean aerodynwnic chord, c, ft 12.88 

Slope of lift curve per radian (computed), m 5*12 

Design speed for maximum gust intensity (indicated), 

Vb, mph . . . 202 

Design cruising speed (indicated) , Vq, mph 312 

Mever-exceed speed (indicated), V^g, nqih 39 O 

Limit -gust-load factor (computed) 2.18 

Gust alleviation factor for gross wel^t (ref. K 1.21 

The values listed in the table were obtained from the airplane design 
manual unless otherwise Indicated. • The slope of the lift curve was 
calculated (as recommended in ref. 6 ) from the relation ^ -where 
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A is the aspect ratio. The limit-gust-load factor of 2.18 was com- 
puted according to current Civil Air Regulations (ref. 5 ) • This value 
is based on a gross wei^t of 1 ^ 7^000 pounds and an effective gust 
velocity Ue of 3OK feet per second at the design cruising speed Vq 

of 312 miles per hour (ref. 6 ) . Althou^^ the limit-gust-load factor 
was calculated to he 2 .l 8 , the airplane was designed to the nl^^^^Tmlm 
maneuver load factor of 2.5 as required hy the regulations (ref. 5) . 


SCOPE OF DATA 


The VGH data were obtained from three airplanes flown on different 
routes hy three operators. The operations covered hy the data and the 
san5)le size from each operation are summarized in the following table; 



Operation A 

Operation B 

Operation C 

New York to 
Europe and 
South America 

Los Angeles to 
Honolulu to 
San Francisco 

Northern 

transconti- 

nental 

Average length of fli^t, hr 
Average operating altitude, ft 
Average indicated airspeed, nq)h 
Total hours of record available 
Dates of record collection 

k,63 

12,700 

213 

1079-8 

Mar. 1952 to 
Sept. 1955 

8.4 

12,400 

208 

1958.6 

Nov. 1951 to 
Dec. 1953 

2.03 

15,500 

218 

1012.5 

Feb. 1950 to 
my 1952 


As shown in the table, the main differences among the three operations 
are the routes flown and the average length of flight. 

The V-G data were obtained from four airplanes used in operation C 
and covered 15,387 hours of fli^t dxiring the period from January 1951 
to July 1955 - 


EVALUATION OF RECORDS 
VGH Records 


The VGH records from each operation were evaluated essentially in 
accordance with the methods used in references 2 and 7 to obtain fre- 
quency distributions of gust and maneuver accelerations, airspeeds, and 
altitudes. For these evalviations, each fli^t on the VGH records was 












k 


MCA 03Sf 5365 


divided into three fli^t conditions - climb^ en route, and descent. 

Q3ie climb condition covered the time from take-off until the airplane 
began to maintain level flight as was indicated by the altitude trace 
of the record. The descent was considered to begin when the airplane 
began to lose aJ.titude consistently and to end when the airp l a ne touched 
down. portion of the f i i gbt between the climb and descent was con- 

sidered to be the en-route condition and ordinarily contained some 
en-route changes in al.titude. 

In order to distinguish between maneuver and gust accelerations in 
the records, the criterion used was that gust accelerations have a much 
high er frequency than maneuver accelerations and that the positive and 
negative gust accelerations in the VGH records follow one another in a 
random manner. In addition, hi^-frequency low-intensity fluctuations 
of the airspeed trace occurred simultaneously with the gust accelerations 
but were not apparent during maneuvers. 

The evaluation procedure consisted of reading from the records the 
gust and maneuver accelerations by using the steady-fligjht position of 
the acceleration trace as a reference. The threshold values from which 
the accelerations were read differed and this difference depended upon 
whether the acceleration resulted from a maneuver or from a gust. Only 
the TnavlTmim value was read for each deflection of the acceleration trace 
greater than the given threshold value. Each gust acceleration which 
exceeded a threshold of +0.3g was read and tabulated, together with the 
corresponding airspeed and altitude values. Hiasmuch as the maneuver 
accelerations were smaller in general than the gust accelerations, a 
reading threshold of +0.1g was used in evaluating maneuver accelera- 
tions. The maneuver accelerations were edso classed and tabulated, as 
in reference 7, according to the purpose of the fli^t. Thus, maneuver 
accelerations which occurred during routine operational flints are 
classed as "operational maneuvers" and those which occurred during 
airplane or pilot check flints are called "check flight" maneuvers. 

For operation C, the check-fli^t-maneuver data were taken from refer- 
ence 7 where the distribution was given to a threshold of +0.5g tuoder 
the listing of airplane E. 

The evaluation of the records to obtain distributions of airspeed 
and altitude consisted sinq)ly of tabulating the indicated airspeed and 
pressure altitude for each 1-minute interval of fli^t. The number of 
f 1 i gh-h hours evaluated to obtain the various distributions of accelera- 
tion, airspeed, and altitude are indicated in the following table: 
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Operation A 

Operation B 

Operation C 

Total record hours available 

1079.8 

1958.6 

1012.5 

Hours evaluated for gust accelera- 
tions, airspeeds, and altitudes 

1078.5 

1953.4 

875.5 

Hours evaliiated for check-flight 
maneuvers 

1079-8 

1958.6 

1012.5 

Hours actually spent in check 
fligpits 

1-5 

5.2 

7.5 

Hours evaluated for operational 
maneuvers 

306.8 

309.6 

252.3 


As shown in the table, most of the available records were evaluated for 
airspeed, altitude, gust, and check-fli^t-maneuver acceleration data. 
About 157 hours of record for operation C were not evaluated for gust 
accelerations because of the poor qualiiy of the record. It may be 
noted that the amount of time actually spent in check flints was small 
and varied from I.3 to 7*5 hours. Previous work (ref. 7) has indicated 
that reasonably acciirate estimates of the frequency of operational 
maneuvers may be obtained from record samples as small as about 60 hours. 
In order to reduce the evaluation time, therefore, only portions of each 
saitple of a record were evaluated for operational maneuvers. 

Gust velocities were derived from the gust accelerations and the 
associated airspeeds and altitudes by means of the gust equation dis- 
cussed in reference 8 ; 


_ 2Wa^ 

KgPoVgmS 


where 

derived gust velocity, fps 
¥ airplane weight, lb 

aj, normal acceleration, g units (corresponds to 

ref. 8 ) 

Kg gust factor 

pQ . air density at sea level, slugs/cu ft 

Vg equivalent airspeed, fps 


An used in 
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m slope of lift curve per radian 

S wing area, sq ft 

The values for the gust factor Kg were hased. on the mass peirameters 
of the airplane confuted for the midpoint altitude of each 5 ^ 000-foot 
Interval and varied from O.'^O for 2,500 feet to 0.812 for 22,500 feet. 
Since detailed information on the operating wei^t at the time of gust 
encounters was not avallahle, an assumed average operating weigjht of 
0.85 design weight was used in determining the values of Kg and in 

calculating the gust velocities. It should he noted that because of 
the use of the revised gust-load formula the derived gust velocities 
for the present data are hi^er hy a factor of roughly 1.6 than the 
corresponding effective gust velocities Ug computed in most past anal- 
yses of airline gust data (see, for example, ref. l) . 


V-G Records 


The values read from each V-G record were the maximum positive and 
negative accelerations occurring at speeds above l40 miles per 

hour and the maxlimim indicated airspeed Vmax* accelerations were 


read at speeds below l40 miles per hour in order to exclude Impact shocks 
during landing. The 166 V-G records evaluated represented from 62 to 
111 fll^t hovirs per record, the average number of hours being 92.6. 


The maximum positive and negative gust velocities Ude ma-ir 

computed for each record by using the acceleration values and the respec- 
tive values of airspeed in the gust-velociiy formula previously presented. 
The- value of the gust factor vised for evaluating the gust velocities 

from the V-G data is based on the average operating altitude of 15,500 feet 
and an assumed average operating wel^t of O.85 design wel£^t. 


RESUITS 


The data evaluated from the VGH and V-G records are given in 
tables I to IV in the form of frequency distributions of the observed 
values of acceleration, gust velocity, and airspeed. Class Intervals of 
O.lg for acceleration, k feet per second for gust velocliy, and 5 inlles 
per hovLT for airspeed were used for grouping the data in the distributions. 

In order to compare the gust accelerations for the three operations, 
the data given in table l(a) are plotted in figure 1 in terms of the 
average number of accelerations greater than given values per mile of 
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For this purpose, the positive and negative distributions of 
an were combined without regard to sign since the two distributions 
were essentially symmetrical. The ordinate values were obtained by 
progressively summing (by starting with the frequency for the largest 
acceleration) each combined frequency distribution Zf and then dividing 
each simi by the fll^t distance I represented by the data. 

The freqtiency of occurrence of gust accelerations by fll^t condi- 
tion (climb, en route, and descent) for each of the three operations is 
given in figure 2. The data plotted in the figure were obtained from 
table 1(b) . 

The positive and negative distributions of accelerations from 
operational and check-fll^t maneuvers (table II) are plotted in fig- 
ure 5 for each operation in terms of the frequency of occurrence of 
accelerations greater than given values. In order to con^are the mag- 
nitude and frequency of occurrence of accelerations caused by gusts and 
maneuvers, the gust-acceleration data of figure 1 and the combined 
distributions of check-fli^t- and operational-maneuver data are plotted 
in figure 4 for each operation. Eie combined maneuver distributions for 
each operation were obtained by summing the ordinate values of the 
operational- and che ck-f li^t-maneuver distributions in figure 3 . 

The synthesis of V-G and VGH data permits an estimate to be made 
of the overall gust-load history for a given operation (see ref. 2). 

Owing to the envelope nature of the V-G records, the V-G data provide 
information on only the largest accelerations experienced. From the 
VGH data, on the other hand, reliable estimates of all the smaller 
values are possible provided representative sanples of data are used. 

The V-G and VGH acceleration data for operation C are plotted in fig- 
ure 5- In figure 5^ n curve has been faired throu^ the data points 
to Indicate the expected frequency of occurrence for the entire range 
of accelerations for the operation. 

In order to compare the gust velocities encouatered in operations A, 
B, and C, the gust data from table Hl(a) are plotted in figure 6 in 
terms of the frequency of occurrence of gust velocities greater than 
given values per mile of fli^t. The gust distribution for operation C 
is also plotted in figure 7 together with the distribution of maximum 
gust velocities (table m(b)) obtained from the V-G data for 

the operation. The solid line in figure 7 was faired to represent the 
overall gust history for the operation. 

The distributions of indicated airspeed obtained from the 1-minute 
tabulations of the VGH data are given in figure 8 as the portion of the 
total time in each fli^t condition which was spent at given airspeeds. 

In order to coi^are these data with the airspeeds used in rou^ air, the 
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distrilautions of airspeed at which gust accelerations greater than +0.3g 
were experienced are shown in figure 8 as dashed curves. The design 
speed for maximum gust intensity Vg and the design cruising speed Vq 

are also indicated in figure 8- 

The distribution of maxi.Tmmi airspeeds Vmax (table IV) obtained 
from the V-G data for operation C is plotted in figure 9 in terms of the 
average number of fli^t miles to exceed a given value of airspeed. 


PRECISION MD RELTA B TLTT Y OF EESUI/TS 


The accuracy of the data presented herein depends on the inherent 
instrument errors, installation errors, and reading errors. inherent 

instrument errors of the VGH recorder and a general discussion of instal- 
lation errors for the Instrument are given in reference 3* A discussion 
of reading errors applicable to the present VGH data is contained in 
reference 2. The VGH installations met the basic installation require- 
ments given in reference 3i consequently, it is felt that the installa- 
tion errors for the present data are negligible. The estimated total 
error in the VGH data for each of the quantities measured is: 


Acceleration, g t0.05 

Indicated airspeed, nph 

At 100 mph +3 

At 250 mph +2.5 

Pressure altitude, ft 

At 2,000 ft +150 

At 20,000 ft +300 


On the basis of laboratory calibrations (ref. 4) the errors inherent 
in the MCA V-G recorder are less than ±0.1g for acceleration and about 
3 miles per hour for airspeed. Errors which may have occurred in reading 
the V-G records are believed to be negligible. 

In addition to the problem of instrument precision, there is also 
a problem regarding the statistical reliability of the data saniples 
(that is, applicability to extended periods of operation). Unfortunately, 
precise methods of detennining the statistical reliability of the present 
results are not available. An indication of the reliability of the 
results may be obtained, however, by examining the variations among the 
data from individual records and groups of records forming the total 
sanq)le. Eased on such observations and on past experience with resvilts 
of the iype presented, it is estimated that the total distributions of 
gust accelerations (fig. l) and gust velocities (fig. 6) are reliable 
within a factor of about 2 (on the ordinate scale) at the smaller values 
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and a factor of ^ at the higher values. These factors represent spreads 
of rou^ly 10 percent in the gust accelerations of figure 1 and the gust 
velocities of figure 6. The reliahility of the dlstrlhutlons hy fligjht 
condition is less, however, since these distrihutions represent smaller 
data sanples. The distrihutions of accelerations, gust velocities, and 
airspeeds obtained from the V-G data are estimated to be reliable within 
a factor of 4 for the hi^er values. 

A discussion of the reliabili-ty of maneuver acceleration distribu- 
tions obtained from operational data is given in reference 7 'which indi- 
cated that maneuver distributions were changed only sli^tly by increasing 
the sample size from 60 to 300 hoiirs. Based on the information in refer- 
ence 7 aJ3d on conparisons of data samples of different sizes, the distri- 
butions of maneuver accelerations given in figure ij- are estimated to be 
reliable within a factor of about 3 over the range of the data. It should 
be noted that higher values of maneuver accelerations may occur in 
extended operations. The manner in which the maneuver distributions 
should be extrapolated for extended operations, however, is not known. 


DISCUSSION 
Gust Accelerations 


Conparison of the curves of figure 1 indicates that, for the three 
operations shown, differences of about 3:1 are apparent in the fre- 
qTiencies of occurrence for given values of acceleration. For a given 
frequency of occxirrence, for example, lO”^ per mile, figure 1 indicates 
that the accelerations for operations A and C are approximately 15 per- 
cent hi^er than those for operation B. Differences of the order of 3:1 
in these data may be sufficiently large as to be of importance to the 
operator and designer in considering such factors as fatigue life. 

Whether these differences are real or are due to sampling fluctuations 
unfortunately is not known because presently available statistical 
techniques do not provide an answer to this question in a simple manner. 

Inspection of figure 2 indicates that, for each of the three opera- 
tions, the greatest nunflaer of gust accelerations per mile of fli^t were 
eaperlenced in the descent condition and the least number in the en-route 
condition. Bie higher frequency of accelerations during the descent 
condition is due to the conflained effects of increased gust frequency at 
low altitudes and hl^ indicated airspeeds dxaring the descent. From 
table l(b) it may be seen that a hi£^ percentage (about 40 to 75 percent) 
of the totel number of accelerations for each operation occurred during 
descent. A reduction in airspeed for this portion of flig^ht could result, 
therefore, in a substantial reduction in the total number of accelerations. 
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Calculations indicate, for example, that a 10-percent reduction in air- 
speed during descent for operation B would result in a reduction of 
about 50 percent in the total number of accelerations greater than 0.5g- 


tfeneuver Accelerations 

Figure 5(a) indicates that the distributions of accelerations 
caused by operational maneuvers are similar for the three operations 
and that differences of about 3il exist in the frequencies for given 
acceleration values . Also, the' dis'trlbutlons of positi've and negative 
accelerations for each, operation are essentially symme-tarical. A break- 
down of the operational-maneuver da'ba by fll^t condition showed -that 
the descent condition had -bhe highest frequency of occurrence per mile 
of fli^t and -the climb condition -fche next hipest. A comparison of 
■the present frequency dis'trlbutlons 'wi'th -the distributions given in 
reference 7 fi-ve operations involving 'transport airplanes indica-tes 
good agreement 'vd.'th respect to 'the symme'try of 'the positi've and negatl've 
■values. The frequency dis'tributions for the present operations lie at 
■the lower limit of -the dis'tributions shown in reference 7 ai>d, from the 
overall -viewpoint, do not appear -to be significantly different. 

Figure 3(13) shows -that -the magni-tude and frequency of occurrence 
of positi've and negative check-fli^t accelerations are significantly 
higher for ope 2 :ation C than for -the other -two operations. In addition, 
the da-ta show -that, for each operation, -the magni-tude and frequency of 
■the positive accelerations are hlgsher than -those for 'the negative 
■values. Althou^ a larger percentage of the to-tal fli^t time of 
operation C -was spent in check fligjhts -than for operations A and B, 
this fact accotm-ts for only a part of the large difference no-ted be-tween 
the frequencies of accelerations. Ihe remainder of -the difference is 
due -to differences be-tween airline and pilot practice in regard to -the 
■type, se-veri-ly, and frequency of m an e uvers performed during check 
flights. The appUcabili-ly of -the results in figure 5(l>) to extended 
periods of operation may be open -to some question owing to -the small 
nimiber of check-f ll^t hours for which da-ta -were available (-table Il(b) ) . 

Figure 4 shows -that -the magni-tude and frequency of occurrence of 
accelerations caused by gusts are higher -than those caused by maneuvers 
(operational and check-fll^t) for operations A and B. For operation C, 
however, -the maneuver accelerations occur more frequently -than gust 
accelerations for -values of Sq greater than 0.4g. It appears, -there- 
fore, that -the relati-ve con-tribution of gusts and maneuvers "to -the total 
number of loads -varied be-tween opera-tors and is determined largely by 
airline practice in regard -to the performance of check flints. 

Inspection of figure which gi-ves em estimate of the overall gust 
load history for operation C, indicates that the frequency of occurrence 
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per mile of fli^t decareases from about 4 X 10"5 for a^ of 0.5g to 
5 X 10~^ for aji of l.Og. The frequency of occurrence of accelerations 
greater than l.l8g, -wiiich corresponds to the limit-gust-load.-factor 
increment, is about 8 X 10“7 per mile or once in approximately I.5 x 106 
fli^t miles. IMs frequency of exceeding the acceleration corresponding 
to the limit-gust-load-factor increment is in good agreement with the 
results reported in reference 9 seven other operations involving both 
twin-engine and four -engine transports. Figure 4 indicates that trans- 
port airplanes may be subjected at times to large mameuver accelerations, 
and the possibility exists that V-G data (such as those used in fig. 5) 
might be biased by maneuvers. Althou^ attempts are made during the 
evaluation of the V-G records to eliminate obvious maneuver accelerations, 
particularly those which occur at the lower airspeeds during descent and 
landing, some bias might unknowingly be present in the results shown. 


Gust Velocities 

Figure 6 shows that differences of the order of 2:1 exist among the 
frequency of occTirrence of gust velocities between approximately I5 and 
55 feet per second for the three operations. The gust distributions in 
figure 6 are incomplete for gust velocities below about I5 feet per second 
because of the method of evaluation (see ref. 2) and the reliability of 
the distributions above about 35 feet per second is decreased because of 
the flwian number of observed values. Over the reliable range (I5 to 
35 feet per second) of the data, however, the results in figure 6 indi- 
cate that the differences in the frequency of occurrence of gust veloci- 
ties on the three routes would, result in a 2:1 variation in accelerations 
for the three operations if the airspeed practices were similar. 

In order to determine possible effects of flig^it altitude on the 
gusts encountered, the gust-velocily data from the VGH records were 
analyzed to determine the variation of the gust frequency with altitude. 
The results of the analysis showed a large decrease in the number of 
gusts per mile of fli^t with increasing altitude for each of the three 
operations. As an exasqple, gust velocities of given intensities were 
encountered only about one-tenth as frequently above 10,000 feet as below 
this altitude. 

The estimated overall gust history for operation ‘C given in figure 7 
shows, as would be expected, a continuous decrease in the frequency of 
occurrence for increasing values of gust velocity. For example, figure 7 
indicates that the frequency of occurrence of U^g equal to or greater 
than 40 feet per second is only about one-fiftieth that for of 

20 feet per second. Figure 7 shows that a gust velocity of 50 feet per 
second is exceeded, on the average, 5 X 10"° times per mile or once in 
approximately 2 X ICP fli^t miles. This frequency of exceeding Ucte 
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of 30 feet per second agrees with the results given in reference 9 for 
seven other operations involving both twin-engine and four -engine 
airplanes. As previously noted, maneuvers ml^t have biased the 
V-G acceleration data and, accordingly, the gust velocities given in 
figure 7 which were deriv^ from the same data would also be biased. 


Airspeeds 

The overall speed distributions given in figure 8 (solid lines) 
indicate that, for each operation, the indicated airspeeds in climb were 
lower than those for the en-route condition and that the highest air- 
speeds occurred during the descent. Comparison of the distributions for 
the climb conditions shows that differences of 10 to 15 miles per hour 
exist among average climb speeds for the three operations. Similar 
differences are evident among the airspeeds for en route and descent 
and evidently result from differences among the operating practices of 
the operators. Each of the three airplanes were normally operated well 
below the design cruising speed Vq of 312 n^ih, the average speeds being . 
0.68 \Tq, 0.6'JVqj and O.TOVq for operations A, B, and C, respectively. 

Inspection of figure 8 indicates that, for each of the three opera- 
tions, the airspeed distributions In rou^ air are very similar to the 
airspeed distributions for the overall operations. Hius, there appears 
to have been little or no reduction in airspeed upon encountering roii^ 
air. For the climb and en-route conditions, figure 8 indicates that the 
average speeds were close to the design speed for maximum gust inten- 
sity Vb of 202 miles per hour and, consequently, no general reduction 
in airspeed was required upon encountering rou^ air. !Hie lack of a 
reduction in airspeed in rou£^ air for the descent condition may be due 
to the fact that the pilot did not anticipate the turbulence in time to 
reduce the airspeed or to a practice of not reducing airspeed unless 
very severe turbulence Is encountered. 

The distribution of maximum airspeeds given in figure 9 for opera- 
tion C shows that the maximum airspeed recorded in the 15,000 hours of 
data was about 3^0 miles per ho\ir. The trend of the airspeed distribu- 
tion suggests that the possibilily of the never-exceed speed Vjjg of 

390 miles per hour being exceeded is very remote. For operations 
involving other types of four-engine airplanes, reference 9 indicates 
that the distance to exceed Vi^ varied from 0.1 X 10^ to 20 X 10^ 
f 1 i ght miles. In coinparlson with those operations, therefore, the 
frequency of exceeding Vjjg for operation C is significantly lower. 
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CONCLUDING REMARKS 


An analysis of VQH data obtained on a four-engine transport air- 
p3^e operated on three commercial routes indicates differences of about 
5:^ between the acceleration distributions and about 2:1 between the 
gust-veloci1y distributions for lihe three different operations. The 
relative contribution of gusts and maneuvers to the total number of loads 
varied between operators and is determined largely by airline practice 
in regard to the performance of check flights. The airspeed practices 
for the three operations were similar for flight in both smooth and rough 
air. Estimates of the frequency of experiencing large accelerations 
gust velocities are in good agreement with results from similar opera- 
tions sampled previously. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Noveniber 8, 195^* 
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TABLE I 

frequency DISG 3 OBUTI 0 KS OF GUST ACCELERATIONS 
(a) Positive nege-tlve accelerations for total VGH san^les 


Acceleratioi 
g VDll- 


Frequency distribution for - 

bs 

Operation A 

Operation B 

Operation C 

1.1 

to 

1.2 



... 

1.0 

to 

1.1 

— 

— 

— 

.9 

to 

1.0 

— 

1 

— 

.8 

to 

.9 

- — 

— 

— 

.7 

to 

.8 

2 

— 

2 

.6 

to 

.7 

4 

2 

2 

.5 

to 

.6 

16 

8 

15 

.Jf 

to 

.5 

53 

45 

81 

•3 

to 

.k 

289 

272 

564 

-3 

to 

-.4 

218 

208 

567 

-.4 

to 

-.5 

59 

56 

57 

-5 

to 

-.6 

u 

13 

11 

-.6 

to 

-.7 

4 

4 

7 

-7 

to 

-.8 

1 

2 

3 

-.8 

to 

-9 

1 

1 

— 

-9 

to 

-1.0 

— 

— 

— 

-1.0 

to 

-1.1 

— i. 

— 

— 

-1.1 

to 

-1.2 

1 


... 

Total 

659 

612 

909 

Saorple size 

, hr 

1078.5 

1953.4 

875.5 

Fli^t miles 

2.84 X lo 5 

4.88 X lo 5 

2.55 X l(P 











. ON 


, XABIE I 

SltEqpENCT D lJ BmiBO Tl O MB OP OUBT ACCEIERA!rS)]98 - Continued 
(1)) FUgUt conUtlon 


(poBltlve and negatl7«)t 
g unite 




Frequency distribution for - 





Climb 



b route 



Deeoent 


Operatloti A 

Operation B 

Operation C 

Operation A 

Operation B Operation C 

Operation A 

Operation B 

Operation C 

0.3 to O.k 

85 

89 

100 

200 

131 

90 


260 

541 

.4 to .5 

16 

19 

10 

» 

34 

18 

37 

48 

110 

.3 to .6 

1 


2 

22 

16 

3 

4 

5 

21 

.6 to .7 





1 

6 

3 

1 

2 

3 

7 

.7 to .8 

— 

— 

1 

3 

1 



1 

4 

.6 to .g 

--- 

— 


1 

— 



1 

..... 

.9 to l.b 



— 

— 



— 

— 

1 


1.0 to 1.1 


— - 

— 

— - 






...... 



1.1 to 1.2 

— 

— 

— 

1 

— 

— 


— 

— 

4 .. 2 to 1.3 

— 



— 




— 



1.5 to 1.4 










^Eotal 

102 

106 

Ujf ■ 

292 

185 

112 

265 

319 

683 

Saapln alse^ Ir 

81.0 

82.1 

120.6 

896.4 

1764.0 

600.3 

KH.l 

107.3 

154.6 

Plight miles 

1.95 X 

1.81 X 10*^ 

X 

oi 

2.33 X icP 

4.42 X 10? 

1.66 X IcP 

2.80 X lol^ 

2.87 X IC^ 

4.29 X 2J^ 
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TABLE I 

FREQIJENCY DISTEUBUTIOW OF GUST ACCELERATIONS - Concluded 
(c) Majclntum gusl: accelerations from V-G records for operation C 


Maximum acceleration. 

Frequency 

a^, g units 

distrihution 

0.3 to OA 

2 

A to .5 

28 

.5 to .6 

84 

.6 to .7 

91 

.7 to .8 

63 

.8 to .9 

25 

.9 to 1.0 

16 

1.0 to 1.1 

17 

1.1 to 1.2 

1 

1.2 to 1.3 

4 

1.3 to 1.4 

1 

Total 

332 

San^jle size, hr 

15,587 

Fli^t miles 

4.13 X 106 
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TABLE H 

FREQUENCY DISTRIBUTIONS OP MANEUVER ACCELERATIONS 
(a) Operational maneuver 


Acceleration, 
g omits 

0.6 

to 

0.7 

.5 

to 

.6 

.4 

to 

.5 

.3 

to 

.4 

.2 

to 

.3 

.1 

to 

.2 

-.1 

to 

-.2 

-.2 

to 

-.3 

-3 

to 

-.4 

-.4 

to 

-5 

-.5 

to 

-.6 

-.6 

to 

-.7 

Total 


Preq.viency distribution for - 


Operation A Operation B Operation C 


24 

144 

1,473 

2,248 

180 

18 

1 


4,089 


1,220 

86 

11 


2 , 1 ^ 


2 

4 

11 

190 

1,196 

1,183 

198 

16 

2 


2,802 


San^)le size, hr 

506.8 

509.6 

252.5 

Pli^t miles 

8.08 X 10 *^ 

7.75 X io*f- 

6.78 X 10**- 
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OIABLE II 

FREQUENCY DISTRIBUTIONS OF MANEUVER ACCEIZRATIONS - Concluded 

(■fa) Check-fli^t maneuver 


Acceleration, a^^, 
g vinlts 

Frequency distrihution for - 

Operation A 

Operation B 

Operation C 
(1) 

1.0 to 1.1 

___ 


2 

.9 to 1.0 

— 

... 

2 

. 8 to .9 


... 

11 

.7 to .8 


... 

9 

. 6 to .7 

... 

... 

20 

.5 to .6 

— 

1 

25 

.4 to .5 


4 

39 

.3 to . 4 - 

5 

15 

44 

.2 to .3 

20 

38 

— 

.1 to .2 

74 

120 

— 

-.1 to -.2 

48 

77 

... 

-.2 to -.3 

5 

12 

— 

-.3 to -.4 

... 

1 

8 

-.4 to -.5 

... 



4 

-.5 to -.6 

... 

... 

2 

-.6 to -.7 

— 

— 

2 

Total (positive 




and negative) 

150 

268 

168 

Saniple size, hr 

1079-8 

1958.6 

1012.5 

Time in check 




flints, hr 

1.25 

5.2 

7.5 

Fli^t miles 

2.84 X 105 

4.9 X 105 

2.72 X 105 


-DistrilDution obtained from reference 7 * 
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TABLE in 


IBEQUEHCY DISTEOEUTIOlilS OF GUST VELOCITIES 


. (a) VGH sauries 


Gtist veloci-ly, U^, 
fps 

6 

to 

10 

10 

to 

l4 

14 

to 

18 

18 

to 

22 

22 

to 

26 

26 

to 

30 

50 

to 

34 


to 

38 

58 

to 

42 

42 

to 

46 

46 

to 

50 

50 

to 

54 

Total 

- — - - -1 

' — - ■■ ■ 1 


Frequency distrihution for - 

Operation A 

Operation B 

Operation C 





4 

173 

313 

254 

419 

208 

211 

225 

66 

105 

60 

26 

27 

19 

9 

6 

7 

5 

3 

5 

4 

1 

1 


Sanqple slze^ hr 


1078.5 


1955 


875.5 


Fligjht miles 


2.8lt- X 105 4.88 X lo5 2.55 x ic5 
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TABLE HI 

EREQUENCY DISTRIBUTIONS OF GUST VELOCITIES - Concluded 
("b) Maxiinum gust velocities from V-G records for operation C 


Maximum gust velocity. 

Frequency 


distrihution 

16 to 20 

3 

20 to 2k 

16 

2h to 28 

56 

28 to 32 

73 

32 to 36 

74 

36 to 4 o 

44 

. 40 to 44 - 

25 

44. to 48 

20 

48 to 52 

8 

52 to 56 

4 

56 to 60 

5 

60 to 64 

2 

64 to 68 

1 

68 to 72 

— 

72 to 76 

1 

Total 

332 

San^le size, hr 

15,387 

Fli^t miles 

4.13 X 106 
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TABIE IV 

IlREQUENCr DISTRIBUTION OP IMXEMUM INDICATED AIRSPEED 
PROM V-G RECORDS POR C3PERATION C 


Jfaximum airspeed, 
mjdi 

Prequency 

distrihution 

285 to 290 

3 

290 to 295 

4 

295 to 500 

19 

300 to 305 

19 

305 to 310 

• 4 l 

310 to 315 

1^5 

315 to 320 

14 

320 to 325 

12 

325 to 330 

8 

350 to 335 

1 

335 to 3‘^0 

1 

3 ii -0 to 345 

1 

Total 

166 

Saniple size, hr 
Pli^t miles 

15,587 
4.13 X 106 
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0 .2 ,k ,6 .8 1,0 1.2 

Acceleration, , g units 


Figure 1 .- Can^>arlson of the frequency of occurrence of gust accelerations 

for three operations. 


0 



Acceleratloh. a^,. a unih AccderaUon. a-, a unHz Acctizratfon. ci^. a uolfv 

• ' -•# rtf ^ ■ r rt r » tfr ^ 

(a) Operation A. (t) Operation B. (c) Operation C. 

Figure 2.- Coinparlson of the frequency of occurrence of gust accelerations during climb', en route, and 

deSCeil’b fOr tbr66 OTer^biOnB • 
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(a) Operational maneuvers. 


(l}} Check- fllglrt maneuvers. 


Figure 3.- Conparison of the freqpiency of occurrence of operational- aM oheck-fli^t-maneuver 

accaleratiois for three operations. 


VJl 


C9K JED VDVH 




AccthraCfont a^, g anfhs 


Acctteratforif a„ , g unH’a 


Acctkr»Oan^ aj,, g units 


(a) (deration A. 


(b) Operation B. 


(c) Operation C. 


Figure !(■.- Comparison of tbe freguencjr of occurrence of gust and ntaneurer accelerations for three operations 
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Figure 5.- Composite curve of the frequency of occurrence of gust 

accelerations for operation C. 
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Figure 6 .- Con?)arlson of tlae frequency of occurrence of gust velocities 

for three operations. 
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Figure 7.- Composite curve of the frequency of occurrence of gust 

velocities for operation C. 



Ftrtion of time- Portion of time- Rtrtfon of time- 

deicent en route clfmt 
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Oucra// distrfbvt/on 
Rough- air distribution 
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i-i 


Ve 





Vi 


V4 

1 

1 
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(a) Operation A. 


(b) Operation B. 


(c) Operation C. 


Figure 8.- ComparlBon of dlBtrlbutionB of overall airspeed with the dlstrlhutlonB of airspeed in 

rou^ air fll^t condition for three operations. 
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